and (ii) oxygen redox activity, provided that a high degree of Ni(3d)-O(2p) hybridization can be achieved. Li 4 NiTeO 6 was prepared by a conventional ceramic method from a stoichiometric mixture of Li 2 CO 3 (Aldrich), NiC 4 H 6 O 4 Á4H 2 O and TeO 2 (across organics) (2 : 1 : 1) annealed at about 1000 1C for 18 h, followed by heating at 1050 1C for 6 h with intermediate grinding. 10% Li 2 CO 3 was added in excess to compensate lithium loss due to high temperature heat treatment. The structure of the compound was analyzed by Rietveld refinement 7 using the Fullprof program 8 against high-resolution synchrotron powder diffraction data, collected on the 11-BM beamline at the Advanced Photon Source (APS, Argonne National Laboratory) with a wavelength of 0.4138 Å. Bragg peaks unambiguously indicate that the sample crystallizes in the C2/m space group with cell parameters a = 5.1584(1) Å, b = 8.8806(1) Å, c = 5.1366(1) Å and b = 110.241(1)1 (V = 220.777(3) Å 3 ), i.e. a cell similar to the one reported for Li 2 MnO 3 . 9 Refinements using different distributions of atoms within the layers led to a structure with Li layers alternating with honeycomb Li/Ni/Te layers (Fig. 1) . In the latter, Li and Ni are statistically distributed in the same octahedral site (colored in yellow/green), surrounding TeO 6 octahedra (colored in blue). The final refinement which includes a strain analysis is shown in Fig. 1 , and the deduced structural parameters are detailed in ESI † (Fig. S1 , Tables S1 and S2 ).
At their early stages (1991), commercial Li-ion batteries were using two intercalation compounds LiCoO 2 and graphite as positive and negative electrodes, respectively. 1 Since then, layered oxides have garnered increasing interest with numerous compositional attempts to alleviate the high cost and toxicity associated with cobalt, while preserving the large energy densities resulting from cobalt's high redox voltage and low molecular weight. . The final refinement which includes a strain analysis is shown in Fig. 1 , and the deduced structural parameters are detailed in ESI † (Fig. S1 , Tables S1 and S2 ). irreversibility between the first charge and discharge is reminiscent of some electrolyte decomposition at high potential, thus leading to uncertainty in the amount of Li reinserted, which is below 2, as we will show later on using XPS. This leads to an overall reversible capacity of 110 mA h g À1 for Li 4 NiTeO 6 which is sustained upon cycling since the cell retains nearly 90% of its initial capacity after 100 cycles (Fig. 2b) . The derivative plot shown in the inset of upon consecutive cycles instead of a stair-case charge profile followed by a S-type curve upon discharge. This indicates a different lithiation-delithiation mechanism that we have explored by both in situ XRD and XPS measurements. Fig. 2c shows the XRD patterns collected during the charge of a home-made Li/Li 4 NiTeO 6 electrochemical cell equipped with a Be window. Upon removal of Li, there is appearance of a set of weak Bragg peaks which grow at the expense of the peaks of the pristine phase, and become single phase after the removal of 2 lithium ions. This new Li 4Àx NiTeO 6 phase, formed at the end of charge (4.6 V), with x being not accurately defined due to competing electrolyte oxidation, can also be indexed to a C2/m monoclinic cell than that of pristine phase. The c-lattice parameter increase upon Li removal arises from increasing repulsion between MO 2 layers which become less screened by Li-ions, while the decrease in both a and b lattice parameters originates from the cation size reduction linked to the Ni 2+ -Ni 4+ oxidation process. Upon discharge, the XRD pattern for the fully discharged material being similar to that of the pristine phase (Fig. 2d) ) in the reduced sample as confirmed by XPS.
XPS analyses (Fig. 3) were carried out for pristine Li 4 NiTeO 6 electrode mixed with 20% carbon (a), and similar electrodes charged to 4.6 V (b), and charged to 4.6 V and then discharged to 2 V (c). The Ni-2p 3/2 core spectra for the pristine sample show a main peak at 855.6 eV and a satellite peak at 861.7 eV, confirming the presence of Ni 2+ in the pristine phase. 11 Upon charging to 4.6 V, in the redox process. 12 Lastly, the O-1s core spectra of the aforementioned samples were collected to check for eventual observation of peroxo-like species as seen with Li 2 Ru 1Ày M y O 3 compounds reported earlier. 5, 10 The peaks characteristic of O 2À anions belonging to the crystalline network at 529.9 eV and weakly adsorbed surface species are visible in the pristine sample spectra. The O-1s spectra of the charged sample show an increase of the high binding energy components (B532.5 eV and B534.0 eV) ascribed to some oxidation of the electrolyte, 13 however no significant change in the O-lattice/ (Ni + Te) atomic ratio was observed between the pristine and charged samples, in line with the absence of an additional peak which could be due to formation of peroxo-like species. However, caution should be exercised here, owing to the broadness of the collected spectra for the charged samples. Conclusively, the electrochemical behaviour of Li 4 NiTeO 6 differs from other reported Li-rich layered oxides and Mn/Sn-substituted Li 2 RuO 3 systems, although they all belong to the same structural family. The main difference lies in the shape of cycling profile, which shows a classical two-phase insertion-deinsertion process. This indirectly implies the non-participation of anionic species in contrast to Li 2 Ru 1Ày M y O 3 (M = Mn, Sn) system, suggesting that the total capacity of Li 4 . From a fundamental standpoint, however, this study stresses that the design of compounds showing both anionic and cationic redox activities is not trivial in the absence of theoretical support. Ni was obviously not the right choice, presumably due to large separation between Ni 
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